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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an axial com-
pressor for a gas turbine or an industrial use.

2. Description of the Related Art

[0002] Operating a gas turbine in, for example, sum-
mer results in a reduced gas turbine output due to a drop
in inlet air density at a high atmospheric temperature. To
solve this problem of the reduced output, a known method
sprays water or other fluid droplets over inlet air of the
compressor using a spray nozzle to thereby increase the
inlet air density, thus improving the gas turbine output
through an effect of inlet air cooling. In addition, with the
droplets introduced into an inside of the compressor by
increasing an amount of sprayed droplets, an effect of
intermediate cooling reduces compressor work to there-
by improve gas turbine efficiency. The fine droplets con-
veyed with an airflow into the inside of the compressor
vaporize up to a saturation temperature of a stage while
passing through rotor blade cascades and stator vane
cascades, and reduce the temperature of a working fluid
through latent heat of vaporization.
[0003] In a multistage axial compressor, the droplets
are vaporized from the upstream side of the compressor,
resulting in a reduced temperature of a mainstream.
Thus, blade loading decreases on an upstream side of
the compressor and increases on a downstream side of
the compressor, in which a load distribution differs from
that of a normal dry operation relative to a flow direction.
To spray a large amount of droplets in the inside of the
compressor, the foregoing necessitates engineering to
increase the blade loading on the upstream side and re-
duce the blade loading on the downstream side in ad-
vance. No droplets are sprayed in a low-speed operating
range of a gas turbine engineered as described above,
such as during starting of the gas turbine. Thus, as com-
pared with starting of an ordinary simple cycle gas tur-
bine, a greater separation range may result from an un-
steady fluid phenomenon in which a flow through an up-
stream blade cascade stalls as a result of a flow through
a downstream blade cascade choking, what is called, a
rotating stall.
[0004] To operate the compressor steadily in gas tur-
bines, a stator vane (a variable stator vane) having a
mechanism that varies an angle of attack (an angle of a
blade chord relative to a direction of flow of the working
fluid) is disposed upstream of the compressor. During an
operation at low speeds, such as when starting the com-
pressor, an inflow angle to the variable stator vane in-
creases due to a reduced intake flow rate. This makes it
necessary to adjust the angle of attack of the variable
stator vane corresponding to the increased inflow angle

by rotating the variable stator vane in a direction in which
the flow is restricted. In contrast, during a high-speed
operation, the variable stator vane is rotated in a direction
in which the flow is increased to respond to an increased
intake flow rate.
[0005] Axial compressors including stator vanes hav-
ing such a variable mechanism are disclosed, for exam-
ple, in JP-1990-294501-A and JP-2012-72763-A. JP-
1990-294501-A discloses a structure having a reduced
gap between taper surfaces of an inner peripheral side
end portion of a variable stator vane and an outer periph-
eral portion of a rotor disc. JP-2012-72763-A discloses
a structure that incorporates considerations for wear re-
sistance of a sliding portion of a variable mechanism.
[0006] US 2012/0082545 A1 describes a variable vane
assembly for a gas turbine engine. The variable vane
assembly includes a vane operable to pivot about a pivot
axis. The vane includes a flap portion positionable in a
fluid stream. Further, the vane includes a stem portion
for mounting the flap portion. The vane also includes a
button portion positioned between the flap portion and
the stem portion along the pivot axis. Even further, the
variable vane assembly includes a bushing encircling the
stem portion and abutting the button portion. The variable
vane assembly also has a labyrinth seal positioned be-
tween the bushing and the button portion.

SUMMARY OF THE INVENTION

[0007] The variable stator vane incorporated in a sim-
ple cycle gas turbine is generally rotated to vary its angle
of attack during starting of the gas turbine or partial load-
ing operation. In addition, the variable stator vane com-
prises a plurality of variable stator vanes disposed in an
axial direction and a circumferential direction of a casing.
The angle of attack (angle of rotation) of these variable
stator vanes disposed in the same circumferential direc-
tion needs to be changed simultaneously according to
the flow, which makes highly accurate angle control im-
portant. Techniques are known to improve sliding per-
formance of the variable stator vane, such as incorporat-
ing a metal bushing on a rotational shaft of the variable
stator vane and incorporating a thrust washer between
an end face on the side of a casing and a casing inner
peripheral surface of the variable stator vane.
[0008] Unfortunately, however, considerations are not
very much given to improving sealing performance in the
sliding portion between the variable stator vane and the
casing. As a result, when water or other fluid droplets are
to be sprayed inside the compressor having the variable
stator vanes, in particular, droplets may leak from the
variable stator vane mechanism to the outside of the cas-
ing due to a difference in pressure between the inside
and outside of the casing. In addition, on a long-term
perspective, rust may gather as a result of corrosion on
the sliding portion between the rotational shaft of the var-
iable stator vanes and the casing surface, resulting over-
all in degraded device reliability of the variable stator
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vane.
[0009] It is an object of the present invention to provide
an axial compressor capable of preventing fluid leakage
from a sliding portion between a variable stator vane and
a casing. The above described object is achieved by the
invention according to claim 1. The dependent claims
describe further preferred developments.
[0010] An aspect of the present invention provides an
axial compressor comprising: a droplet supply unit that
supplies a working fluid before compression or being
compressed with droplets; a variable stator vane having
a rotational shaft inserted in a hole in a casing, the vari-
able stator vane having an angle of attack varied through
sliding motion relative to the casing caused by rotation
of the rotational shaft; and/or a sealing structure provided
in a sliding portion between a member slid relative to the
casing during rotation of the rotational shaft and the cas-
ing. Further, there is provided: a counterbored groove
formed around the rotational shaft in an outer peripheral
surface of the casing; and a flange portion housed in the
counterbored groove. The sealing structure is provided
at a sliding portion and which the flange portion slides
relative to the rotational shaft.
[0011] The present invention can prevent leakage of a
fluid from the sliding portion between the variable stator
vane and the casing to thereby improve reliability of the
axial compressor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present invention will be described herein-
after with reference to the accompanying drawings.

Fig. 1 is a configuration diagram showing a gas tur-
bine system including an inlet air spray mechanism
according to an embodiment of the present inven-
tion;
Fig. 2 is a meridional cross-sectional view showing
an axial compressor according to an embodiment of
the present invention;
Fig. 3 is a cross-sectional view showing a variable
stator vane structure according to an example which
is not a part of the present invention;
Fig. 4 is a cross-sectional view showing a variable
stator vane structure according to an another exam-
ple which is not a part of the present invention; and
Fig. 5 is a cross-sectional view showing a variable
stator vane structure according to an embodiment
of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] Preferred embodiments of the present invention
will be described below with reference to the accompa-
nying drawings. With reference to Fig. 1, an exemplary
configuration of a gas turbine system including an inlet
air spray mechanism will first be described. Fig. 1 is a
schematic general configuration diagram showing the

gas turbine system including the inlet air spray mecha-
nism.
[0014] The gas turbine system shown in Fig. 1 includes
a compressor 1, a combustor 2, and a turbine 3. The
compressor 1 compresses air to thereby generate high-
pressure air. The combustor 2 mixes and burns com-
pressed air and fuel. The turbine 3 is rotatably driven by
combustion gas at high temperature. The compressor 1
and the turbine 3 are mechanically connected to a gen-
erator 4 via a rotational shaft.
[0015] A flow of a working fluid in the gas turbine sys-
tem shown in Fig. 1 will be described below. Air 11 as
the working fluid flows into the compressor 1 and, while
being compressed by the compressor 1, flows as high-
pressure air 12 into the combustor 2. The combustor 2
mixes the high-pressure air 12 with fuel 13 to burn a re-
sultant mixture and thereby generates high-temperature
combustion gas 14. The combustion gas 14 rotates the
turbine 3 before being released to an outside of the sys-
tem as exhaust gas 15. The generator 4 is driven by
turbine rotating power transmitted via a rotational shaft
5 that connects the compressor 1 to the turbine 3.
[0016] In a constant speed compressor with a constant
volumetric flow rate commonly used in the gas turbine
system, an increased inlet air temperature in summer
lowers air density, resulting in a reduced mass flow rate
of the inlet air. This necessitates reduction in a fuel flow
rate in the combustor accordingly. Specifically, the higher
the inlet air temperature of the compressor, the lower the
output of the gas turbine.
[0017] Thus, a known method sprays water or other
fluid droplets over the inlet air of the compressor to there-
by improve the gas turbine output through an effect of
inlet air cooling. One known method for inlet air cooling
incorporates a medium-based inlet air cooler disposed
in an air intake duct, inlet air passing through the inlet air
cooler to reduce the inlet air temperature.
[0018] Another known method for inlet air cooling in-
corporates a droplet spray nozzle (droplet supply unit)
32 disposed in an air intake duct 31 as shown in Fig. 1.
The method sprays fine droplets over air drawn into the
air intake duct 31 before compression to thereby vaporize
the droplets in the airflow. Latent heat of vaporization of
the droplets is thereby utilized to reduce the inlet air tem-
perature. From the method of spraying droplets, an in-
termediate cooling effect can also be expected. Specifi-
cally, an increase in the amount of droplets results in not
only an inlet air cooling effect vaporizing droplets inside
the air intake duct being achieved, but also the droplets
being supplied into, and vaporized in, the inside of the
compressor to achieve the intermediate cooling effect.
This contributes to greater gas turbine efficiency thanks
to the improved gas turbine output and reduced com-
pression work.
[0019] The example shown in Fig. 1 includes the drop-
let spray nozzle 32 disposed at only one place in the air
intake duct 31. The droplet spray nozzle 32 may none-
theless be disposed at any other place than the air intake
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duct 31 or at two or more places. For example, two droplet
spray nozzles 32 are disposed, one in the air intake duct
31 and the other in an air inlet plenum 33 at an entrance
of the compressor, so that inlet air spraying can be per-
formed in two stages. Furthermore, the droplet spray noz-
zle may be disposed inside the compressor 1 and the
droplet spraying may be performed not only over the
working fluid before compression, but also the working
fluid being compressed.
[0020] A detailed structure of the compressor 1 will be
described below with reference to Fig. 2 that schemati-
cally shows a meridional cross-sectional view of the com-
pressor 1. As shown in Fig. 2, the axial compressor 1
includes a rotor 52 and a casing 54. A plurality of rotor
blade cascades 51, 57 is mounted on the rotor 52 that is
rotated by an axial driving force given by a drive source
(turbine 3). A plurality of stator vane cascades 56, 53 is
mounted on an inner peripheral surface of the casing 54.
An outer peripheral surface of the rotor 52 and the inner
peripheral surface of the casing 54 form an annular flow
path.
[0021] The rotor blade cascades 51, 57 and the stator
vane cascades 56, 53 are alternately arranged along a
rotor shaft direction, one set of a rotor blade cascade and
a stator vane cascade constituting a stage. An inlet guide
vane (IGV) 55 that controls the intake flow rate to thereby
adjust gas turbine load is disposed upstream of the first-
stage rotor blade 51. A variable mechanism 71 for varying
the angle of attack of the inlet guide vane 55 is mounted
on the inlet guide vane 55. The variable mechanism 71
is connected to a control ring 91 via a thin-plate lever 85.
Rotating the control ring 91 rotates the inlet guide vane
55, which results in the angle of attack being varied.
[0022] The front-stage stator vane cascade (first-stage
stator vane cascade) 56 disposed between the first-stage
rotor blade cascade 51 and the second-stage rotor blade
cascade 51 is a variable stator vane cascade, each of
the vanes having a variable mechanism 70 for varying
the angle of attack while, for example, the gas turbine is
being started. For example, varying the angle of attack
of the variable stator vane 56 during starting of the gas
turbine allows a rotating stall to be prevented. Similarly
to the variable mechanism 71, the variable mechanism
70 to be described in detail later is connected to a control
ring 91 via a thin-plate lever 85.
[0023] In the compressor 1 shown in Fig. 2, of the stator
vane cascades 56, 53 spaced apart from each other in
the rotor shaft direction, only the first-stage stator vane
cascade 56 has the variable mechanism 70. Nonethe-
less, any stator vane cascade on the second stage on-
ward (e.g. the second-stage stator vane cascade 53) may
have the variable mechanism 70. Especially with an inlet
air spray compressor having a droplet spray nozzle,
blade loading on the front-stage side increases, so that
having variable stator vanes over a plurality of stages is
advantageous for ensuring steady starting.
[0024] The air 11 that has flowed in from the air intake
duct (not shown) has a circulation direction turned 90

degrees at the air inlet plenum 33 disposed upstream of
the compressor 1 and is supplied into the compressor 1.
Water or other fluid droplets are jetted from the droplet
spray nozzle 32 disposed inside the air intake duct. Fine
droplets are vaporized in the airflow and the latent heat
of vaporization of the droplets reduces the temperature
of gas flowing into the compressor 1, and at the same
time, increases the inlet air density.
[0025] Of the fine droplets conveyed with the airflow,
droplets that have not been vaporized until saturation
flow into the inside of the compressor 1 as droplets. The
droplets, while passing through the rotor blade cascades
and the stator vane cascades inside the compressor 1,
vaporize until reaching a saturation temperature and de-
crease the temperature of the working fluid being com-
pressed. This intermediate cooling effect causes com-
pression characteristics to approach isothermal com-
pression, which reduces work of the compressor 1. Pref-
erably, all droplets introduced into the compressor 1 va-
porize completely in the airflow before a discharge port
of the compressor 1.
[0026] Part of the droplets jetted from the droplet spray
nozzle 32 may not contribute to cooling of the mainstream
air and may thus be deposited as liquid film on different
parts inside the compressor 1, forming drain.
[0027] Behavior of the droplets that do not contribute
to cooling of the mainstream air of the compressor 1 will
here be described. Part of the droplets sprayed by the
droplet spray nozzle 32 collides with a wall surface of the
air inlet plenum 33 to be deposited as liquid film. When
sprayed droplets interfere with each other to form drop-
lets with large particle diameters, such droplets are not
conveyed with the airflow and collide with the wall surface
to be deposited as liquid film. In addition, the droplets
with large particle diameters collide with a strut 58 and
the IGV 55 at the entrance of the compressor 1 with part
thereof sticking to a blade surface to form liquid film.
[0028] Part of the liquid film affixed to the blade surface
is split into secondary droplets with large particle diam-
eters and the secondary droplets flow into the inside of
the compressor 1. Droplets with large particle diameters
collide with the rotor blades 51, 57 inside the compressor
1, are blown outwardly in a rotor radial direction by a
centrifugal force of the rotor 52, and are deposited as
liquid film on the inner peripheral surface of a casing 54.
[0029] Part of the liquid film on the inner peripheral
surface of the casing 54 partly vaporizes by thermal con-
duction of the casing 54 and is partly split into secondary
droplets, flying toward a downstream stage. The second-
ary droplets have large particle diameters and thus are
more likely to collide with downstream rotor blades and
stator vanes, forming liquid film.
[0030] The range over which the liquid film such as that
described above exists extends from the first stage of
the axial compressor 1 to a stage in which droplets va-
porize completely inside the compressor (hereinafter, va-
porization completion stage). The inventors confirmed
that the liquid film occurs particularly in upstream to in-
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termediate stages. Additionally, the mainstream temper-
ature in an area near the vaporization completion stage
is 300°C or higher and droplets, should they collide with
the inner peripheral surface of the casing 54, are consid-
ered to vaporize instantaneously.
[0031] A schematic structure of the variable stator vane
56 will be described below with reference to Fig. 2. A
plurality of variable stator vanes 56, being spaced at pre-
determined interval, is disposed circumferentially of the
casing 54 in a particular stage of the compressor 1 (the
first-stage stator vane in the example shown in Fig. 2).
[0032] The variable stator vane 56 includes a vane sec-
tion 72, a stem section 94, and a stator vane base 81.
The stem section 94 having a substantially cylindrical
shape assumes a rotational shaft of the variable stator
vane 56. The stator vane base 81 having a substantially
disc shape is disposed in the variable stator vane 56 so
as to be disposed between the stem section 94 and the
vane section 72. The stator vane base 81 is disposed
on, and to face, the inner peripheral surface of the casing
54. The thin-plate lever 85 has a first end connected to
the stem section 94 and a second end connected rotat-
ably to the control ring 91. It is noted that Fig. 2 shows
only part of a cross section of the control ring 91.
[0033] The control ring 91 is formed into an annular
shape and supported so that a central axis thereof coin-
cides with a central axis of the rotor 52. One example of
supporting the control ring 91 is to have the control ring
91 in contact with the casing 54 at a plurality of places
(not shown). An actuator (not shown) is mounted on the
control ring 91. The actuator rotates the control ring 91
about the central axis of the rotor 52. When the actuator
is driven, the control ring 91 is rotated clockwise or coun-
terclockwise circumferentially about the rotor 52. Rotat-
ing the control ring 91 circumferentially about the rotor
52 moves with the control ring 91 the second end of the
thin-plate lever 85 on the side of the control ring 91 and
causes the first end of the thin-plate lever 85 to rotate
the stem section 94. This results in the angle of attack of
the variable stator vane 56 being varied.
[0034] A detailed structure of the variable stator vane
56 in the compressor according to an example which is
not a part of the present invention will be described below
with reference to Fig. 3. In Fig. 3, the variable stator vane
56 includes the vane section 72, the stator vane base
81, the stem section 94, and a bolted stem section 89.
Preferably, the vane section 72, the stator vane base 81,
the stem section 94, and the bolted stem section 89 are
integrally molded using, for example, casting.
[0035] The stem section 94 has a cylindrical shape and
is inserted in a cylindrical through hole 73 formed radially
relative to the casing 54. The stem section 94 assumes
a rotational shaft of the variable stator vane 56. Rotating
the stem section 94 about an axial center thereof varies
the angle of attack of the vane section 72.
[0036] In the example shown in Fig. 3, the stem section
94 is inserted in the through hole 73 in the casing 54 after
a thrust washer 82 is inserted. The thrust washer 82 is

disposed between the stator vane base 81 and the inner
peripheral surface of the casing 54. The thrust washer
82, having a low coefficient of friction and offering wear
resistance, can slide the variable stator vane 56 and the
casing 54 without requiring any lubrication.
[0037] A gap is formed between an outer periphery of
the stem section 94 inserted in the through hole 73 in the
casing 54 and the through hole 73 in the casing 54. Metal
bushings 83 exhibiting outstanding slidability requiring
no lubrication are disposed on both ends in the rotor radial
direction in the gap so as to be positioned on the outer
periphery of the stem section 94. A tube 84 is inserted
over the stem section 94 so as to be disposed between
the two metal bushings 83. The tube 84 supports the two
metal bushings 83. While the two metal bushings 83 are
disposed in the gap to surround the stem section 94 in
the example shown in Fig. 3, one metal bushing 83 may
be disposed around the stem section 94.
[0038] The bolted stem section 89 is provided at an
end portion outside in the rotor radial direction in the stem
section 94. The bolted stem section 89 protrudes on the
outside of the casing 54 when the stem section 94 is
inserted in the through hole 73 in the casing 54 and is
inserted into a through hole (not shown) formed in the
thin-plate lever 85. The portion of the bolted stem section
89 protruding on the outside of the casing 54 has screw
threads thereon for engaging a nut 90. The bolted stem
section 89 shown in Fig. 3 has a diameter smaller than
diameters of other parts of the stem section 94.
[0039] In the example shown in Fig. 3, a disc spring
86, a lower washer 88, the thin-plate lever 85, and an
upper washer 87 are inserted in sequence over the bolted
stem section 89. Then, the nut 90 is finally threaded over
the bolted stem section 89 to thereby connect the stem
section 94 (the bolted stem section 89) to the thin-plate
lever 85. This causes the upper washer 87 and the lower
washer 88 to clamp the thin-plate lever 85 therebetween,
thereby connecting the stem section 94 to the thin-plate
lever 85.
[0040] Referring to Fig. 3, the disc spring 86 is disposed
between the lower washer 88 and the casing 54 in the
rotor radial direction. The disc spring 86 functions as fol-
lows. When the variable stator vane 56 is pushed down
toward the inside in the rotor radial direction by stiffness
of the thin-plate lever 85 while the control ring 91 is ro-
tating, the disc spring 86, with its reaction, pushes up the
variable stator vane 56 toward the outside in the rotor
radial direction. The disc spring 86 thereby prevents the
outer peripheral surface of the rotor 52 from interfering
with a top end (tip) of the variable stator vane 56.
[0041] The stator vane base 81 having a substantially
disc shape connects between the vane section 72 and
the stem section 94. The stator vane base 81 is housed
in a casing groove 98 that is a substantially disc-shaped
recess (a countersunk hole) provided on the inner pe-
ripheral surface of the casing 54. The casing groove 98
has a diameter greater than a diameter of the through
hole 73 in which the stem section 94 is inserted. The
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vane section 72 protrudes toward the inside in the rotor
radial direction from a surface of the stator vane base 81
on the inside in the rotor radial direction. The stem section
94 protrudes toward the outside in the rotor radial direc-
tion from a surface of the stator vane base 81 on the
outside in the rotor radial direction.
[0042] A sealing structure (sealing device) is provided
between a member slid relative to the casing 54 as the
stem section 94 rotates (part of the variable stator vane
56 or elements associated therewith; e.g. the stator vane
base 81, the stem section 94, and the washer 81) and a
portion over which the casing 54 relatively slides (a sliding
portion). In the present embodiment, the sealing structure
is provided at a portion at which the thrust washer 82
slides relative to the casing 54. The sealing structure is
provided at a site in the casing 54 at which the surface
of the thrust washer 82 on the outside in the rotor radial
direction faces. The sealing structure includes a ring-
shaped sealing groove 93 provided in a bottom of the
casing groove 98 in the casing 54 and a ring-shaped
sealing member 92 (e.g. an O-ring) housed in the sealing
groove 93. It is noted that the sealing groove 93 shown
in Fig. 3 is formed into a ring shape concentric with a
central axis of the stem section 94 and the casing groove
98 and has an outside diameter smaller than a diameter
of the casing groove 98.
[0043] Additionally, the variable stator vane 56 is
pushed to the outside in the rotor radial direction by the
disc spring 86 disposed on the outer peripheral surface
of the casing 54. Thus, having the sealing structure on
the outside in the rotor radial direction of the thrust washer
82 as in the present example enables sealing perform-
ance to be improved.
[0044] The following describes a problem that can oc-
cur when the droplet spray nozzle 32 supplies droplets
into the inside of the compressor 1 in a configuration hav-
ing no sealing structures as described above (the sealing
groove 93 and the sealing member 92). In this case, drop-
lets having large particle diameters collide with the rotor
blade 51 inside the compressor 1 and are blown toward
the outside in the rotor radial direction by a centrifugal
force generated by the rotation of the rotor blade 51, thus
forming liquid film on the inner wall surface of the casing
54. Droplets deposited on the inner wall surface of the
casing 54 flow into a gap between the casing groove 98
and the thrust washer 82, travel along the gap between
the through hole 73 in the casing 54 and the stem section
94 past the metal bushings 83 and the like, and may be
discharged outside the casing 54 as drain.
[0045] The droplets flowing into the gap between the
casing groove 98 and the thrust washer 82 are consid-
ered to come both from the upstream and downstream
sides on the basis of the flow of the working fluid. It is
nonetheless considered that the inflow of the droplets
(drain) from the downstream side is more noticeable than
that from the upstream side. This is because of the fol-
lowing reason. Specifically, the flow through the stator
vanes including the variable stator vane 56 is decelerated

to boost static pressure, resulting in a tendency toward
a greater difference between pressure downstream of
the stator vane and pressure outside the casing 54 (at-
mospheric pressure).
[0046] In addition, the variable stator vane 56 is dis-
posed to extend throughout the entire circumference in
the circumferential direction of the casing 54. The drop-
lets introduced into the compressor 1 tend to be depos-
ited on a lower half side of the casing 54 by gravitational
influence. Specifically, occurrence of drain from the var-
iable stator vane mechanism 56 on the lower half side of
the casing 54 is noticeable, so that degraded device re-
liability can result due to drain deposited on the base of
the gas turbine during operation of the gas turbine. The
"lower half side of the casing 54", as used herein, refers
to a lower-half portion of the casing 54 when the casing
54 is split into two along a horizontal plane passing
through the central axis of the rotor 52, while an upper
half side of the casing 54 is an upper-half portion above
the lower half side.
[0047] The drain arising from the droplets spayed from
the droplet spray nozzle not only degrades the device
reliability of the gas turbine. On a short-term perspective,
the inflow of drain mixed with dust into the sliding portion
of the variable stator vane may also reduce control ac-
curacy of the variable stator vane as affected by the dust.
For example, a large difference in an opening degree
may be produced among different variable stator vanes
disposed in the rotor circumferential direction, resulting
in separation occurring in part of the stator vanes dis-
posed on an identical circumference. If this happens,
separation of the stator vane cascade in the upstream
stage in a multistage axial compressor greatly affects the
stator vane cascade in the downstream stage, causing
efficiency to be reduced. In addition, partial separation
in the upstream stage degrades reliability of the com-
pressor blade due to an unsteady phenomenon of flow
such as a rotating stall and surging. On a long-term per-
spective, rust gathers as a result of corrosion on the slid-
ing portion of the variable stator vane, which can degrade
accuracy in the opening degree of the variable stator
vane. For example, in the variable stator vane or a tran-
sonic airfoil profile, a difference of about 65° relative to
a design value of an incidence angle that represents a
difference between a vane inlet metal angle and an inflow
angle substantially doubles profile loss, which is highly
likely to make noticeable the separation on the blade sur-
face. It is thus important in terms of both performance
and reliability to ensure that the incidence angle is free
of deviation from the design value.
[0048] As described above, when droplets are sup-
plied into the inside of the compressor, droplets that enter
through the sliding portion of the variable stator vane is
discharged out of the casing as drain, affecting perform-
ance and reliability of the compressor and gas turbine.
A certain amount of a working medium is considered to
escape from of the casing even with no droplets sprayed.
Because the variable stator vane is disposed in an up-
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stream stage in the compressor, the temperature of the
working medium is low and only a very small amount of
air flows out, so that the effect on device reliability in gas
turbine operation is smaller than in drain discharge. Ad-
ditionally, the sliding portion of the variable stator vane
is unlikely to corrode, which eliminates the likelihood that
device reliability will be degraded.
[0049] To solve the foregoing problem, the example
not forming part of the present invention provides the
sealing structure comprising the sealing groove 93 and
the sealing member 92. Even when drain arising from
the droplet spraying is deposited on the inner wall surface
of the casing 54 in the variable stator vane 56, the sealing
structure thus configured prevents, through an effect of
the sealing member 92, entry of droplets in the gap be-
tween the stem section 94 and the through hole 73. Leak
of drain to the outside of the casing 54 can thereby be
prevented, so that device reliability can be improved.
[0050] Coating with considerations given to sliding per-
formance and wear resistance has been applied to a sur-
face of the thrust washer 82 on the inside in the rotor
radial direction, specifically, the surface adjacent to the
stator vane base 81. A surface of the thrust washer 82
on the outside in the rotor radial direction has not been
subjected to coating. Thus, the thrust washer 82 has a
larger contact area on its coated surface (the surface on
the inside). A comparison of an amount of drain leak (an
amount of drain leaking into the gap between the stem
section 94 and the through hole 73) made in the thrust
washer 82 between the outside surface and the inside
surface in the rotor radial direction suggests that a less
amount of drain leaks to the inside surface than to the
outside surface. The present example in which the seal-
ing structure is provided on the outside surface of the
thrust washer 82 therefore achieves a particularly notice-
able drain leak prevention effect.
[0051] The angle of attack of the variable stator vane
56 is frequently changed by rotating the stem section 94
at such timing as, for example, during starting of the gas
turbine and partial loading operation. Thus, sliding be-
tween the thrust washer 82 and the sealing member 92
may cause the end face of the thrust washer 82 to wear,
resulting in degraded sliding performance. However,
coating with considerations given to sliding performance
and wear resistance has been applied to the surface of
the thrust washer 82 on the side adjacent to the stator
vane base 81, but not to the surface on the side of the
inner peripheral surface of the casing. The sealing mem-
ber 92 disposed on the side of the thrust washer 82 ad-
jacent to the inner peripheral surface side of the casing
54 therefore does not affect the coated surface of the
thrust washer 82. This allows reliability of the thrust wash-
er 82 to be maintained and occurrence of drain to be
prevented.
[0052] The sealing member 92 may be a metal seal.
In addition, an identical effect can be achieved by using
a resin sealing member to ensure sliding performance.
In this case, however, the sealing member needs to be

replaced with a new one at regular intervals in terms of
long-term reliability of the sealing member. Because the
variable stator vane 56 is disposed in a stage upstream
of the compressor 1, the temperature of the working fluid
remains low when the droplets are not sprayed, which
allows the resin sealing member to be applied.
[0053] The following describes an effect from pressure
of the working medium inside the compressor 1. In gen-
eral, the above-described angle-of-attack variable mech-
anism is applied to not only the stator vane on the front
stage side (the variable stator vane 56), but also the IGV
55. Unlike the stator vane as a decelerating cascade,
however, the IGV 55 is an accelerating cascade that ac-
celerates the flow to give the first-stage rotor blade a
swirl, causing negative pressure developing at the inlet
and outlet of the IGV 55. The rotor blade then gives kinetic
energy to the flow to thereby increase total pressure. The
first-stage stator vane downstream thereof then deceler-
ates the flow to thereby increase static pressure. As such,
negative pressure develops in areas near the IGV 55, so
that, in contrast to the case with the variable stator vane
56, a leak flow occurs from the outside of the casing 54
toward the inside of the compressor 1 via the through
hole 73. If droplets are supplied into the inside of the
compressor 1, this leak flow functions as sealing air
against drain outflow, which prevents drain from occur-
ring. Specifically, there is no need to install the sealing
groove 93 and the sealing member 92 for drain preven-
tion on the inner peripheral surface of the casing 54 facing
a thrust washer (not shown) of the IGV 55.
[0054] When droplets are supplied into the inside of
the compressor 1, negative pressure may develop in ar-
eas upstream and downstream of the first-stage stator
vane depending of the amount of sprayed droplets be-
cause of small stage loading in the front stage. Under-
standably, in this case, there is no need to apply the seal-
ing groove 93 and the sealing member 92 on the inner
peripheral surface of the casing 54 facing the thrust wash-
er 82 of the first-stage stator vane. However, even in such
a case, preferably, the sealing groove 93 and the sealing
member 92 are applied to a variable stator vane cascade
present downstream of the first-stage stator vane, when
the variable stator vane cascade causes the pressure of
the working fluid to become higher than the atmospheric
pressure. Application of the sealing groove 93 and the
sealing member 92, as described above, only to those
portions near the inner peripheral surface of the casing
54 at which pressure of the working medium is higher
than the atmospheric pressure allows the number of parts
used to be reduced and cost to be reduced. Moreover,
the sealing member needs replacement depending on
its service life within a maintenance period for the gas
turbine. Thus, the reduction in the number of parts used
also achieves an effect of reduction in maintenance cost.
[0055] As described earlier, the occurrence of droplets
is noticeable in the variable stator vane 56 on the lower
half side of the casing 54 by gravitational influence. This
gives a good reason to the adoption of a configuration in
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which the sealing groove 93 and the sealing member 92
are installed only on the variable stator vane 56 provided
on the lower half side of the casing 54 and none of the
sealing groove 93 and the sealing member 92 are in-
stalled on the upper half side.
[0056] Additionally, various shapes such as an O-
shape, a C-shape, and an E-shape may be applied for
the sealing member 92. Application of the C-shape or E-
shape by utilizing differential pressure between the work-
ing medium and the outside of the casing 54 allows the
sealing performance against outflow of the drain to be
improved.
[0057] With the IGV 55, the working medium has neg-
ative pressure. A C-shaped or E-shaped sealing member
may be applied to the IGV 55 by utilizing differential pres-
sure relative to the outside of the casing 54. A leak flow
into the inside of the compressor 1 from the outside can
thereby be prevented. This lessens an effect from the
leak flow on the flow inside the compressor 1, thereby
improving performance of the compressor 1.
[0058] A compressor according to a second example
which is not a part of the present invention will be de-
scribed below with reference to Fig. 4. Fig. 4 is a cross-
sectional view showing schematically a variable stator
vane structure in the compressor according to a second
example which is not a part of the present invention. Like
or corresponding parts are identified by the same refer-
ence numerals as those used for the first example which
is not a part of the present invention and descriptions for
those parts may be omitted. (The same holds for Fig. 5.)
[0059] The compressor according to the second ex-
ample differs from the compressor according to the first
example shown in Fig. 3 in that a sealing structure is
provided between a surface of the thrust washer 82 on
the inside in the rotor radial direction and a surface of the
stator vane base 81 on the outside in the rotor radial
direction. In the second example which is not a part of
the present invention, the stator vane base 81 has a ring-
shaped sealing groove 93A formed in the surface thereof
on the outside in the rotor radial direction (the surface
that faces the surface of the thrust washer 82 on the
inside in the rotor radial direction). The sealing groove
93A has the rotational shaft of the stem section 94 as a
central axis thereof. In addition, the sealing member 92
capable of preventing outflow of drain from a gap be-
tween the stator vane base 81 and the thrust washer 82
is disposed in the sealing groove 93A.
[0060] Having the sealing groove 93A in the stator
vane base 81, instead of the inner peripheral surface of
the casing 54 as in the first example, is advantageous in
machinability of the sealing groove 93A. Specifically, to
machine the sealing groove 93 in the inner peripheral
surface of the casing 54, the casing 54 is first manufac-
tured by casting and then the sealing groove 93 is cut in
the inner peripheral surface of the casing 54. The number
of variable stator vanes 56 in each stage amounts to sev-
eral tens (e.g. about 40 to 50) and machining the sealing
grooves 93 throughout entire peripheries of the variable

stator vanes takes a considerable amount of time. In con-
trast, machining the sealing groove 93A in the stator vane
base 81 as in the second example involves machining
of each individual stator vane. Specifically, machining
the sealing groove in the stator vane base 81 is easy.
This keeps the machining cost low.
[0061] The configuration in the second example results
in the wear-resistant coating surface disposed on the side
of the thrust washer 82 adjacent to the stator vane base
81 being in contact with the sealing member 92. This
reduces the likelihood that the sealing member 92 will be
worn and damaged, so that a risk of occurrence of drain
can be reduced. The configuration also minimizes friction
of the sliding portion between the sealing member 92 and
the thrust washer 82, which allows accuracy in the open-
ing degree of the variable stator vane to be maintained.
[0062] The first and second examples have been de-
scribed with reference to Figs. 3 and 4. The sealing
groove 93 may still be formed in both the stator vane
base 81 and the inner peripheral surface of the casing
54 so that the sealing member 92 can be mounted in
both the surface on the inside and the surface on the
outside in the rotor radial direction of the thrust washer 82.
[0063] In the first and second examples, the thrust
washer 82 is disposed between the stator vane base 81
and the inner peripheral surface of the casing 54. Alter-
natively, the stator vane base 81 may be made to directly
slide over the inner peripheral surface of the casing 54
without having the thrust washer 82 interposed therebe-
tween and a sealing structure is formed by forming the
sealing groove 93 in, and mounting the sealing member
92 on, the sliding portion.
[0064] In addition, the sealing structure according to
the first example is preferably used as a sealing structure
for the casing 54 on the upper half side thereof. The seal-
ing structure according to the second example is prefer-
ably used as a sealing structure for the casing 54 on the
lower half side thereof. This is because, under gravita-
tional influence, a gap tends to be formed between the
casing 54 and the thrust washer 82 in the casing 54 on
the upper half side thereof and between the thrust washer
82 and the stator vane base 81 in the casing 54 on the
lower half side thereof.
[0065] A compressor according to an embodiment of
the present invention will be described below with refer-
ence to Fig. 5. Fig. 5 is a cross-sectional view showing
schematically a variable stator vane structure in the com-
pressor according to the embodiment of the present in-
vention. The compressor according to the embodiment
differs from the compressor according to the first example
shown in Fig. 3 in that a sealing groove 93B and a sealing
member 92B are provided on the outside in the rotor ra-
dial direction of, out of the two metal bushings 83 dis-
posed so as to sandwich the ring-shaped tube 84 there-
between, the metal bushing 83 disposed on the outside
in the rotor radial direction.
[0066] The compressor shown in Fig. 5 is character-
ized by the following. Specifically, the casing 54 has a
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counterbored groove (recess) 101 formed by counter-
boring a disc concentric with the central axis of the stem
section 94 in the outer peripheral surface of the casing
54. A ring-shaped flange portion 96 having a hole in which
the stem section 94 is inserted as a center thereof is fitted
in the counterbored groove 101. The flange portion 96
has the sealing groove 93B that assumes a ring-shaped
counterbored groove formed around the hole therein.
The sealing member 92B having a ring shape is housed
in the sealing groove 93B and contacts the stem section
94. The flange portion 96 is fastened to the casing 54
with a plurality of bolts 102. The counterbored groove
101 is formed so as to be disposed around the stem sec-
tion 94 in the outer peripheral surface of the casing 54.
The sealing groove 93B is disposed at a portion at which
the flange portion 96 slides relative to the stem section 94.
[0067] When the sealing member 92 is to be replaced
with a new one in the compressor shown in Fig. 3 or 4,
access to the sealing member 92 can only be gained
after the variable stator vane 56 or 56A is removed from
the inner peripheral side of the casing 54, which makes
it necessary to disassemble the casing 54. As a result,
the sealing member 92 is replaced only at a periodic in-
spection of the gas turbine. The configuration according
to the embodiment, however, enables the sealing mem-
ber 92B to be removed from the outside of the casing 54.
Thus, when the sealing member 92B is worn and dam-
aged, the sealing member 92B can be replaced with a
new one without having to disassemble the casing 54.
This improves maintainability.
[0068] Each of the first and second example, and the
embodiment of the present invention described hereto-
fore can prevent leakage of droplets occurring from the
sliding portion of the variable stator vane in the axial com-
pressor that has the intermediate cooling effect from
spraying of the droplets over the intake air and thus can
provide an axial compressor offering reliability.
[0069] It should be noted that the present invention is
not limited to the above-described preferred embodiment
and various changes may be made without departing
from the scope of the invention as defined in the append-
ed claims.

Claims

1. An axial compressor comprising:

a variable stator vane (56, 56A, 56B) having a
rotational shaft inserted in a hole in a casing (54),
the variable stator vane (56, 56A, 56B) having
an angle of attack varied through sliding motion
relative to the casing (54) caused by rotation of
the rotational shaft; and
a sealing structure (92, 93, 93A, 92B, 93B) pro-
vided in a sliding portion between the casing (54)
and a member slid relative to the casing (54)
during rotation of the rotational shaft, charac-

terized in that the compressor further compris-
es:

a droplet supply unit (32) that supplies drop-
lets to a working fluid before compression
or being compressed;
a counterbored groove (101) formed around
the rotational shaft in an outer peripheral
surface of the casing (54); and
a flange portion (96) housed in the counter-
bored groove (101), wherein
the sealing structure (92B, 93B) is provided
at a sliding portion at which the flange por-
tion slides relative to the rotational shaft.

2. The axial compressor of claim 1, wherein a sealing
structure (92, 93) is provided in a sliding portion be-
tween the member slid relative to the casing (54) and
a lower half side of the casing (54).

3. The axial compressor of claim 1, wherein the sealing
structure (92, 93) is provided in a portion having pres-
sure of a working medium higher than atmospheric
pressure near the casing.

Patentansprüche

1. Axialverdichter, der Folgendes umfasst:

eine variable Statorplatte (56, 56A, 56B), die ei-
ne Drehwelle besitzt, die in ein Loch in einem
Gehäuse (54) eingesetzt ist, wobei die variable
Statorplatte (56, 56A, 56B) einen Anströmwinkel
besitzt, der durch Gleitbewegung relativ zu dem
Gehäuse (54), die durch eine Drehung der Dreh-
welle verursacht wird, verändert wird; und
eine Dichtungsstruktur (92, 93, 93A, 92B, 93B),
die in einem Gleitabschnitt zwischen dem Ge-
häuse (54) und einem Element, das relativ zu
dem Gehäuse (54) während der Drehung der
Drehwelle gleitet, vorgesehen ist, dadurch ge-
kennzeichnet, dass der Verdichter ferner Fol-
gendes umfasst:

eine Tröpfchenzufuhreinheit (32), die ei-
nem Arbeitsfluid vor oder während der Ver-
dichtung Tröpfchen zuführt;
eine Senkungsnut (101), die um die Dreh-
welle in einer äußeren Umfangsoberfläche
des Gehäuses (54) ausgebildet ist; und
einen Flanschabschnitt (96), der in der Sen-
kungsnut (101) aufgenommen ist, wobei
die Dichtungsstruktur (92B, 93B) an einem
Gleitabschnitt vorgesehen ist, an dem der
Flanschabschnitt relativ zu der Drehwelle
gleitet.
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2. Axialverdichter nach Anspruch 1, wobei eine Dich-
tungsstruktur (92, 93) in einem Gleitabschnitt zwi-
schen dem Element, das relativ zu dem Gehäuse
(54) gleitet, und einer unteren halben Seite des Ge-
häuses (54) vorgesehen ist.

3. Axialverdichter nach Anspruch 1, wobei die Dich-
tungsstruktur (92, 93) in einem Abschnitt vorgese-
hen ist, in dem der Druck eines Arbeitsmediums hö-
her als der Atmosphärendruck in der Nähe des Ge-
häuses ist.

Revendications

1. Compresseur axial comprenant :

une aube de stator variable (56, 56A, 56B) ayant
un arbre rotatif inséré dans un trou dans un car-
ter (54), l’aube de stator variable (56, 56A, 56B)
ayant un angle d’attaque qui varie par un mou-
vement de coulissement par rapport au carter
(54) entraîné par une rotation de l’arbre rotatif ;
et
une structure d’étanchement (92, 93, 93A, 92B,
93B) prévue dans une portion coulissante entre
le carter (54) et un élément qui coulisse par rap-
port au carter (54) pendant la rotation de l’arbre
rotatif,
caractérisé en ce que le compresseur com-
prend en outre :

une unité d’alimentation de gouttelettes (32)
qui alimente des gouttelettes à un fluide de
travail avant la compression ou pendant la
compression ;
une rainure contrepercée (101) formée
autour de l’arbre rotatif dans une surface
périphérique extérieure du carter (54) ; et
une portion en bride (96) logée dans la rai-
nure contrepercée (101), dans lequel
la structure d’étanchement (92B, 93B) est
prévue au niveau d’une portion coulissante
à laquelle la portion en bride coulisse par
rapport à l’arbre rotatif.

2. Compresseur axial selon la revendication 1, dans
lequel une structure d’étanchement (92, 93) est pré-
vue dans une portion coulissante entre l’élément qui
coulisse par rapport au boîtier (54) et un côté de la
moitié inférieure du carter (54).

3. Compresseur axial selon la revendication 1, dans
lequel la structure d’étanchement (92, 93) est prévue
dans une portion dans laquelle la pression d’un fluide
de travail est plus élevée que la pression atmosphé-
rique près du carter.
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